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We investigate the influence of the fourth generation of quarks on the branching 

ratio, the CP-asymmetry and the polarization asymmetries in i? ^ pi~^i~ decay. 

Taking |Vt/rfVt'{,| ~ 0.001 with phase about 10°, which is consistent with the sin2(/>i 

00 ! of the CKM and the B^ mixing parameter AniB^, we obtain that for both (/x, r) 

^^ ■ channels the branching ratio is increased and the magnitude of CP-asymmetry and 

K^ . polarization asymmetries decreased by the mass and mixing parameters of the 4th 

k^ , generation of quarks . These results can serve as a good tool to search for new physics 

^ ' effects, precisely, to search for the fourth generation of quarks (t', b') via its indirect 

manifestations in loop diagrams. 
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1 Introduction 

Flavor changing natural current (FCNC) and lepton flavor violation (LEV) are forefront of 
our study both for precision test of the Standard Model (SM) and for new physics effects. 
FCNC, forbidden in the tree level, is induced by quantum loop level. The new physics(NP) 
can either contribute to the effective Hamiltonian by the new operators which are absent 
in the SM or alter the Wilson coefficients of the Hamiltonian. A consequential extension 
of the SM with new generation of fermions belongs to the classes of the new physics where 
the Wilson coefficients change comparing to the corresponding three-generation Standard 
Model(SM3). 

The existence of the 4th generation of fermions, if their mass is less than the half of 
the mass of the Z boson, is excluded by the LEP II experiment [1]. In this sense, the status 
of the fourth generation is more subtle [2] from the experimental point of view. However, 
a consequential extension of the SMS can address some of the puzzles and fundamental 
questions from the theoretical point of view. In this respect, the consequential 4th genera- 
tion of quarks and leptons are interesting in different ways i.e., [3]-[9]. The 4th generation 
of quarks can include new weak phases and mixings in the Cabibbo-Kobayashi-Maskawa 
matrix(CKM). Thus, the four-generation Standard Model(SM4) can demonstrate a better 
solution to the baryogenesis than the SMS. 

Two type of studies can be conducted to discover the 4th generation of fermions. The 
first type is the direct search of the 4th generation of quarks and leptons which can be 
accessed by increasing the center of mass energy of colliders with high luminosity. Here the 
cross section of production will increase and such fermions can be created as real states; i.e., 
the 4th generation of quarks can be created by gluon-gluon fusion at LHC[10]. The second 
type is the indirect search dealing with the effects of the 4th generation of fermion in the 
FCNC decays [3]-[9] and LFV [11]. In these classes of studies, one studies the contribution 
of the 4th generation of fermions at the quantum loop level; ref. [11] studied the effects of 
the 4th generation of heavy neutrino (heavier than the half of the Z boson mass) in the 
/i ^ 67 decay and anomalous magnetic moment of the /i. The result was an upper limit 
for the mass of v^ which is up to ~ lOOGeV . Considering these constrains, one can study 
the branching ratio of the /i^ -^ 2e^e^ decay. 

The h -^ s{d) transition is forefront for searching the 4th generation of quarks. This 
transition is forbidden at tree level in the Standard Model. A consequential extension of 
three-generation Standard Model to the four-generation Standard Model (SM4) maintains 
the same property at tree level, but at the quantum loop level the 4th generation of heavy 
quark (t') can contribute to the quantum loop. This contribution can affect physical observ- 
ables, i.e. branching ratio, CP asymmetry, polarization asymmetries and forward-backward 
(FB) asymmetries. The study of these physical observables is a good tools to look for the 
4th generation of up type quarks [3]- [9]. 

There are some constraints on a fourth family [12]. From the strong constraint on the 
number of light neutrinos we know that the fourth family of neutrino is heavy. The S and p 
parameter are sensitive to a fourth family, but the experimental limits on these parameters 
have been evolved through years in such a way that the constraint on a fourth family has 
lessened. In addition, the masses of the fourth family of leptons may produce negative S 
and T. As discussed in [13] and the reference therein, the constraints from S and T do not 



prohibit the fourth family, but instead serve only to constrain the mass spectrum of the 
fourth family of quarks and leptons. 

FCNC and CP-violation (CPV) are indeed the most sensitive probes of NP contributions 
to penguin operators. Rare decays, induced by flavor changing neutral current (FCNC) 
b -^ s{d) transitions, are at the forefront of our quest to understand flavor and the origins 
of CPV, offering one of the best probes for new physics beyond the Standard Model (SM) 
[14, 15, 16]. In addition, there are some important QCD corrections, which have recently 
been calculated in the NNL0[17]. Moreover, b — > s{d)i'^i~ decay is also very sensitive to 
the new physics beyond SM. New physics effects manifest themselves in rare decays in two 
different ways, either through new combinations to the new Wilson coefficients or through 
the new operator structure in the effective Hamiltonian, which is absent in the SM. A crucial 
problem in the new physics search within flavour physics is the optimal separation of new 
physics effects from uncertainties. It is well known that inclusive decay modes are dominated 
by partonic contributions; non-perturbative corrections are in general smaller [18]. Also, 
ratios of exclusive decay modes such as asymmetries for B -^ K{ K*, p, 7) i^i^ decay [19]- 
[28] are well studied for new physics search. Here large parts of the hadronic uncertainties 
partially cancel out. 

In this paper we investigate the possibility of searching for new physics in the B -^ 
pi~^i~ decay using the SM with the fourth generation of quarks (6', t'). The fourth quark 
(t'), like u,c,t quarks, contributes in the b -^ s{d) transition at loop level. Clearly, it 
would change the branching ratio, CP-asymmetry and polarization asymmetries. Note 
that fourth generation effects on the branching ratio have been widely studied in baryonic 
and semileptonic b ^ s transition [7, 8], [29]-[36]. But few studies related to the b ^ d 
transitions [3] exist. 

The sensitivity of the branching ratio and CP asymmetry to the existence of the fourth 
generation of quarks in the B -^ iii^i^ decay is investigated in [3] and it was observed that 
branching ratio, CP asymmetry and lepton polarization asymmetries are very sensitive 
to the fourth generation parameters {mf, VftV^*^ ). In this regard it is interesting to 
ask whether the branching ratio, CP-asymmetry and lepton polarization asymmetries in 
B -^ pi^£^ decay are sensitive to the fourth generation parameters in the same way. In 
the work presented here we try to answer these questions. 

The paper is organized as follows: In section 2, using the effective Hamiltonian, the gen- 
eral expressions for the matrix element and CP asymmetry of -B -^ pi^i~ decay is derived. 
Section 3 is devoted to calculations of lepton polarization. In section 4, we investigate the 
sensitivity of these functions to the fourth generation parameters (mf, VfbV^J^ ). 

2 Matrix Element Differential Decay Rate and CP 
Asymmetry 

The QCD corrected effective Lagrangian for the decays b -^ dl'^i" can be achieved by 
integrating out the heavy quarks and the heavy electroweak bosons in the SM4 as follows: 

M = ^£^^[ Cl°\d^^PLb)h^^ + C'^{d^,PLh)h,^H 



2 C^j°^dia^ 



f^upimbPR + mdPL)bi'j^ 



(1) 



In this formula unitarity of the CKM matrix has been used. Here the Xt = V^lVtd is factored 
out and q denotes the four momentum of the lepton pair. The Wilson coefficients C*°*'s 
are as follows: 






(2) 



hereby, Xf = Vff^Vfd and the last term in these expression describes the contributions of the 
t' quark to the Wilson coefficients. The explicit forms of the C^'^'" can be obtained from the 
corresponding expression of the Wilson coefficients in the SM by substituting rrit -^ rrit'. 
A general 4x4 CKM matrix can be written as follows: 
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(3) 



Using the Wolfenstein parametrization, the values of 3 x 3 CKM matrix elements, keeping 
(9(A^), is obtained in [37]. On the other hand, one can estimate the elements appearing 
in the fourth column and row of 4 x 4 CKM matrix by studying the experimental results 
of the Bg^d mixing [29] and b ^ s{d) transitions [30, 5]. The former sharply constrains the 
phases of elements and the latter generally constrains the magnitudes. If we summarize all 
these experimental constrains with the unitarity condition of 4 x 4 CKM matrix, then the 
following values for the elements of V'ckm '^^^ t)e obtained: 



*^CKM 



/ 
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0.9745 


0.224 


0.0038e-^6°° 


0.0281e^6i' 


-0.224 
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0.1164e^6^' 


0.0073e-^25° 
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-0.2200 


0.9688 
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(4) 



The unitarity of the 4x4 CKM matrix leads to 

A„ + Ae + At + Xt, = 0. 
Then Af = — A^ — Ac — Xf. Now we can re-write Eq. 2 as: 



^t'-"7,10 + -^f^jm — { — Ac — Au)Lyj,Q + ^t'l'-^7,10 ^ '-"7,10 J 



(5) 



(6) 



It is clear that for the mf — > rrit or Xf -^ the Af/(C. 
SM3 results are recovered. If we parameterize Xf as: 



new 
7,10 



'-"7,10J 



^t' = Vvb^t'd = r-dbe 



i4>db 



term vanishes and the 



(7) 



it is obvious from Eq. (4) that 



1-3^ 



bdb ~ 10" and Tdb ~ 0(10- 
Neglecting the terms of 0{w? Jm^), q = u,d, c, the analytic expressions for all Wilson 



coefficients, except Cg , can be found in [38]. Note that just Cg°^ has weak and strong 



phases, i.e.: 



Ctot 
9 



^1 + At„.^2 + Xtt'C, 



new 
9 



(8) 



where the CP violating parameter Xu' = -j^ ^'^^ ^tu = ^■ 

The exphcit expressions of functions .^i and ^2 in /i = rrib scale are respectively [38]-[42]: 

6 = Cg{xi,mb) + 0.138cj(s) + g{m„ s)(3Ci + C2 + 8^3 + C4 + 8^5 + Cg) 

- ^g{ma,s){Cs + C,)-^g{mi„s){AC3 + AC, + 3C5 + C,) (9) 

+ ^(36-3 + ^4 + 8^5 + ^6) 

6 = [g{m,,s)-g{mu,smCi + C2) (10) 

where m^ = mq/mi,, s = -^-j, and Xj = ^- ,here, i = t(t') for C9''-^(C9*^"). 

b W 

The function g[7hq,s), which includes strong phase, represents the one loop corrections 
to the four-quark operators Oi — 0% [42] and is defined as: 

o 8 4 9 ( 

g{mq,s) = --\n{mq) + — + -yq--{2 + yq)^\l-yq\i^&{l-yq)x 



lnfi±v^U.. 



e(i/,-l)2arctan _ _^ \ , (11) 



Although long-distance effects of cc bound states could contribute to Cg^ , for simplicity, 
they are not included in the present study. On the other hand, the bound states could be 
excluded experimentally by cutting the phase space at the resonant regions. In the case of 
the J/ip family, this is usually accomplished by introducing a Breit-Wigner distribution for 
the resonances through the replacement [48] 

One has to sandwich the inclusive effective Hamiltonian between initial hadron state 
B{pb) and final hadron state p{pp) to obtain the matrix element for the exclusive decay 
B{pb) -^ piPp) ^^{p+)^~{p-)- It follows from Eq. (1) that in order to calculate the decay 
width and other physical observables of the exclusive B — ^ pi'^i" decay, we need the 
following matrix elements, defined in terms of formfactors [44] : 



A2{q'] 



^ " m-B + rup 



+ i{PB+Pp){e*q) 



TUB + m 



p 



OfTl 

+ ^q^{e*q)-JL[A,{q^) - A,{q% (18) 

{p{pp, e)\dtcr,,q''{l ± i'')b\B{pB)) = 4e,,x.e''*pyT,{q^) ± 2t[e;{ml - ml) 

- {pB+Pp)p{e*q)]T2{q^) 

± 2z{e*q)L-{pB+Pp)p / ^ Uq^), (14) 

\ ^^B ~ ^p/ 

{p{Pp,eMl+r')b\B{pB)) = -^{e*q)Ao{q'), (15) 



where Pp and e denote the four momentum and polarization vector of the p meson, respec- 
tively. 

From Eqs. (13,14,15) we get the following expression for the matrix element of the 
B -^ pi^£^ decay: 



M^^p 



te^^a^e^^BQ^A + e^B + {e\q){pB)C 



where 
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B 



c = 4K:^^) (T,(,^^ 



mB + mp 



2K - md){l - rp)T2{q') ^,,, {tjib + mp)Ai{q') 



m%s 



I — r 



'_/^tot 



-T,(q')]Cr 



A2iq' 



rriB + m 



Ctot 
9 ; 
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E 
F 
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V{q' 






iTiB + mp 



A2{q') 
fTiB + mp 
( me 



2 

ritot 



•-"10 ■> 



irLgS 



(16) 



+ ?!^(A3(g^) - A,{q^))\ctl (17) 



\ iTiB + mp 

From this expression of the matrix element, for the differential decay width we get the 
following result: 



, ds 



(^2 ^2 , 



3 X 2i07r5 



2t^ 



4m|s|Ap + ^(l + 12^)|5|2 

Ap 



"^l^p 



+ ^\p\C\^ + -{l-rp + s)Re{B*C) 



2r 



+ 4m|Ap(s-4t2)|Dp 



+ 



4(2t2 + s) - 4(2t2 + s){rp + s) + At^ir^ - 26rp + s^) + 2s(r2 + lOsr^ + s^ 



1^1 



rriBSTp 



2sr/^ 



+ 3-Ap|G'|' + 



(2t2 + s)(Ap + 2s + 2rp) - 2{2t^(rp + 5s) + s{rp + s)} 
2A 



r« 



sr. 



- 2t\rp - 5s) + {2r + s) - s(rp + s) 



+ ^^ApRe(G'*E) + ^^Ap(l-rp + s) Re(G'*F). 



Re(E*F) 



"^B^p 



r,, 



(19) 



with Tp = m^p/rri^, Ap = r^ + (s — 1)^ — 2rp{s + l),v = Jl — ^ and t = me/mB- 

Another physical observable is the CP-violating asymmetry which can be defined for 
both polarized and unpolarized leptons. We aim to obtain the normalized CP-violating 
asymmetry for the unpolarized leptons. The standard definition is given as: 

fdTP\ fdTP\ 



where 



AP (^^ _ V c^g /o \ds J^ _ Ap Ap 



dTP dTP(b^di+£^) , dVP dTP(b^d£+t 
— -, and, — 



ds ds ds ds 

and {drP/ds)o can be obtained from {drP/ds)o by making the replacement 

c^r = ei + A*„6 + Xtt'cr - ^f = 6 + AL6 + Kt'Cr ■ m 

Using this definition and the expression for A^{s), the CP violating asymmetry contributed 
from SMS and new contributions from SM4 are: 

y^SM yncw 

-^Cpi-S) = ^p ^ J.SM j^ 5]ncw (22) 



where 



-SMf^ /I T™M \I U T™^t*t \ , -^2 + -B3 T_/^eflf*< 



with 



S^^^^(.) = 4Im(A,„) 54lm(er6) + ^i^Im(Cr6) , (23) 



S°°-(s) = 4 Im(Aii/) Bi Im(C°'="Cf *) + B2 Im((:7f "C^ 



+ B, Im{CrCi) + B, Im(Cr-ei) j 

+ 4 lm{\tt'\tu) P'^^' Im(Cf *6) + ^4 Im(ei*6)) 

+ 4 Im(A;,Ai„) P^ ^ ^' Im(Cr-*6) + ^4 Im(C--*6)) 

+ 4 Im(Af.)|A,ff f ^'t^' Im(Cr"*6) + i?4 Im(Cr"*6)V (24) 



^1 = ^^^ 2rps(Ap-12rp + 4r2 + 6) + A,(2r,-l-rJ-25-Ap) T| 
m%srp\p\ ^ J 

+ 2 n^"^' , i^-pi^ -rp + 2) + {\p-s- i)]nn 

"^b(1 - ^pFpS ypp /^ J 

64m? n 8m? Ao _, , , 

+ ^LT^ + ^—JlJ^t^ 25 

m^s ^b(1 ~ ^'p) "^'p 



+ -^ ^ Ap(mB + mp)(l-rp) + 12 sr pijUp - r-pirriM + rUp) + \p) M1T2 

IGrrih ^^^ 2mhXo , ^ , . 

+ 7 T^^i^ + T vrf ^^2T3 26 

[niB + mp) [mB + mp)[l-rp)rp 



m%{mB + mp){l-rp)srp\ ^ p 2 2 

- iimB + mpYil-rp)T2 + sTs)A^] (27) 



""' = 2mUmB + m,)%A, ('"^^^"^^ + "^^-^'^^-^ " ^ " ^^^^^^^^^ 

+ (m^ + mp)^(12srp + A^) A? + m|Ap(8sr^\/2 ^ ^^^2^ J (28) 

and 

2sA 
= ^^^^ . (29) 

From this expression it is easy to see that in the A^' -^ the SMS resuh can be obtained. 
Secondly, when mf -^ rrit the resuh of the SM4 coincides with the SMS, as it has to be, 
even if it is not obvious visible from the expressions (see figures) . 

3 Lepton polarization 

In order to calculate the polarization asymmetries of the lepton defined in the effective four 
fermion interaction of Eq. (16), we must first define the orthogonal vectors (components 
of 5") in the rest frame of l~ . Note that we should use the subscripts L, N and T to 
correspond to the lepton being polarized along the longitudinal, normal and transverse 
directions, respectively. 

S'l ^ (0, er.) = f 0, P" ^ 



/^ - (c^ r. \ - ( n Pp^P 



IP 

S't, = (0,eN) = (0 

S^ = (0,eT) = (0,eNxeL), (SO) 

where p_ and Pp are the three momenta of the i~ and p particles, respectively. The 
longitudinal unit vector is boosted to the CM frame of i~i~^ by Lorenz transformation: 



S' 



^ _ /|p_| ^^p^ 



rrii m£|p_ 



here, the other two vectors remain unchanged. The polarization asymmetries can now be 
calculated using the spin projector |(1 + 75*^) for i~ . 

Regarding the expressions above, now we can define the single lepton polarization. The 
definition of the polarized and normalized differential decay rate is: 



dTP(s,n) ifdV^ 



ds 



2 V ds 



[1 + P[e.n] 



(31) 



where a summation over i = L, T, N is implied. Polarized components Pf in Eq. (31) are 
as follows: 



P^ 



drP{n = ei)ds — dT'^{n = —ei)/ds 
dVp{n = e,i)/ds + dTp{n = -ei)/ds 

As a result the different components of the P[ are given as: 



(32) 



Pl 



24 Re{A*B){l -r^- s)s{-\ + t;) + ^m\s\pV Re(A*L)) 



+ -(3 + t;) 



2 Re(5*E)(l + rj + 2srp + s^ _ 2{rp + s)) 



+ m\ Re(C*E){l - 3(r^ + s) - (r^ - sfir^ + s) + {?,rl + 2srp + 3s')} 



+ -{Re(5*F)(l-rp-s)+ Re(C*F)m|Ap} 



(3 + t;)(l + rp(r^-s)-2rp) 



+ (3 — lv)s{j-p — s) — 8sf 



7 A, 



(33) 



TXt\ s\ 



A. 



4 Re(A*5) + {2(2(1 -s-Tp) Re{B*E)ml\p Re{C*E))} 



Asr 



(34) 



N 



Ti^\{s-U^) 



2{l + rp-s) 



Im{E*F) + 2 lm{A*E + B*D) 



(35) 



These results for Pi, P^ and Pj^ agree with those given in [45] when Xf = 0. It also can 
be seen from the explicit expression of Pf involving various combination of the Wilson 
coefficients that they are quite sensitive to the fourth generation effects. Furthermore, 
Pff is proportional to the imaginary parts of the product of the Wilson coefficients. The 
existence of the new weak phase as a result of fourth generation contributes constructively 
to the magnitude of the P^ . 



4 Numerical analysis 

In this section, we will study the dependence of the total branching ratio, averaged CP 
asymmetry and lepton polarizations to the mass of fourth quark {rriti) and the product 



of quark mixing matrix elements {V^Jf^Vt'd 



Tsbe 



'4db'' 



The main input parameters in the 



calculations are the form factors. The definition of the form factors are (see [45]): 

\/(0) 



Ao{q') 
A,{q') 



Ti{q 

T2{q 
Tsiq 



l-gV52' 
Ai(0)(l-0.023g2) 
A2(0)(l + 0.03V) 

^3(0) 
l-gV4.82' 

ZlTip 

r,(o) 



2mn 



1-^75.32' 
T2(0)(l-0.02g2), 

T3(0)(l + 0.005g2) 



with V(0) = 0.47, Ai(0) = 0.37,^2(0) = 0.4,Ti(0) = 0.19, T2(0) = 0.19, T3(0) 
also use the SM parameters shown in table 1: 



(36) 
-0.7 We 



Parameter 


Value 


(^em 


1/129 


niu 


2.3 (MeV) 


md 


4.6 (MeV) 


rric 


1.25 (GeV) 


rrib 


4.8 (GeV) 


m^ 


0.106 (GeV) 


rrir 


1.780 (GeV) 



Table 1: The values of the input parameters used in the numerical calculations 

In order to perform quantitative analysis of the total branching ratio, CP asymmetry 
and the lepton polarizations the values of the new parameters {mf, Vdb, <pdb) are needed. 
In the foregoing numerical analysis, we vary mf in the range 175 < mf < 600GeV. The 
former is lower range because of the fact that the fourth generation up quark is expected 
to be heavier than the third generation ones {rrit < 'm(/)[12]. The upper range comes from 
the experimental bounds on the p and S parameters of SM, furthermore, a mass greater 
than the 600GeV also contradicts with partial wave unitarity [12]. As for mixing, we use 
the result of Ref. [30] where it was found that |V^'dV^'b| ~ 0.001 with the phase about 10°, 
which is consistent with the sm20i of the CKM and the Bd mixing parameter Am^^ [30] . 

We can still move one more step further. From explicit expressions of the physical ob- 
servables, one can easily see that they depend on both s and the new parameters {rritr, Tdb)- 
One may eliminate the dependence of the lepton polarization on one of the variables. We 
eliminate the variable s by performing integration over s in the allowed kinematical region. 



The total branching ratio, CP asymmetry and the averaged lepton polarizations are defined 



as 



Br = / -J^"S, 

JAm'j/ml as 

Hl-^P? ^ _ dE 



/ o o Pi[Acp)-p:ds 

JAm?Jm?„ dS 



{PUcp)) = '"''^'"" ^ ^^— . (37) 

Figs. (l)-(6) depict the dependence of the total branching ratio, unpolarized CP asym- 
metry and averaged lepton polarization for various rdb in terms of mti . We should note here 
that as the dependency for various 0^6 ~ {0° — 30°} is too weak we just show the result 
only for (pdt = 15°. Also, we do not present the deviation of some observables for which the 
corresponding three-generation standard model values are less than 1%, i.e. (P^) for muon 
and tau leptons and {A(-;p), (P^) for tau lepton. 

From the figures it can be concluded that: 

• Br strongly depends on the mass of the fourth quark (me) and quark mixing matrix 
product (rdb) for both n and r channels. Furthermore, for both channels, Br is 
enhanced sizably in terms of both rrit' and rat- 

• Pj^ and Aqp are independent from the lepton mass (See Eq. (33) and (20)). For 
this reason, considering a fixed value of s, they are the same for e, /i and r channels. 
The situation for the {P[) and (A^p) is different; those values for the r channel 
are less than for the /j, channel. This is because of the fact that the phase integral 
space is suppressed by increasing the lepton mass (m^). The SM3 value of (P£) and 
(Aqp) almost vanishes for the r channel. The SM4 suppresses those values even more. 
On the other hand, (P^) and (A^p) for the fi channel strongly depend on the SM4 
parameters. Magnitude of both is a decreasing function of the r^b and mf. 

• {Pj) strongly depends on the fourth quark mass(mt') and quark mixing matrix 
product (r^fe) for both the /i and r channels. Its magnitude is a decreasing function of 
both iTiti and rg^,. The measurement of the magnitude and sign of this observable can 
be used as a good tool to search for fourth generation effects. 

To sum up, we presented the systematic analysis of the B -^ pi~i^ decay by using 
the SM with fourth generation. The sensitivity of the total branching ratio, CP asymme- 
try and lepton polarization on the new parameters, which come out of fourth generation, 
were studied. We found out that above-mentioned physical observables depict a strong 
dependence on the fourth quark {rrit') and on the product of quark mixing matrix ele- 
ments {V^*fyt'd = rate'^'^'"'). We found that while the branching ratio and (-Pjv) ^^^ enhanced, 
CP asymmetry, (P£) and (Pj,) are suppressed by fourth generation effects. The measure- 
ment of the magnitude and sign of these readily measurable observables, in particular for 
the n case, can serve as a good tool to search for physics beyond the SM. In particular, the 
results can be used for an indirect search to look for the fourth generation of quarks. 
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Figure captions 

Fig. (1) The dependence of the branching ratio oi B —^ pfi^fi" on rrit' for Vdb = 
0.001, 0.002, 0.003 

Fig. (2) The same as in Fig. (1), but for the r lepton 

Fig. (3) The dependence of the {Acp) oi B -^ pfi+fi- on me for rab = 0.001, 0.002, 0.003 

Fig. (4) The dependence of the (Pl) for fj, lepton on mf for rat = 0.001, 0.002, 0.003 

Fig. (5) The same as in Fig. (5), but for the r lepton 

Fig. (6) The dependence of the (Pt) for p lepton, on mf for rat = 0.001, 0.002, 0.003 

Fig. (7) The same as in Fig. (6), but for the r lepton 
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